Nearly 400 taxane diterpenoids have been isolated and identified. [1] [2] [3] Taiwan yew Taxus mairei is an evergreen shrub growing at high altitudes (2600 m) in the northern and central parts of Taiwan. Recent studies on the taxane diterpenoids of T. mairei have resulted in the isolation of taxumairols N and O from the roots, 4) and taxumairol R from the root bark, 5) taxumains A and B from the twigs, 6) taxumairol M and taxumairone A from the seeds, 7, 8) 13-deacetylcanadensene and 7-deacetylcanadensene from the needles, 9) and taxumairols U-W from the stem bark. 10) Owing to the special geographic and weather conditions, yew trees grown in Taiwan appear different from Taxus chinensis var. mairei in mainland China. Comparison of the chemical constituents of T. chinensis var. mairei and of T. mairei revealed distinct differences. Our investigation on taxoids present in this particular tree for chemotaxonomic and structure-activity relationship (SAR) purposes [11] [12] [13] have led to the isolation and structure elucidation of five new taxoids (1-5) from Taiwanese T. mairei.
Results and Discussion
Column chromatography, preparative TLC (Si gel and RP-C 18 ), and reverse-phase HPLC of the ethanolic extract of roots of T. mairei yielded taxumairols G (1), H (2), I (3), J (4), and L (5). (16/17) in the heteronuclear multiple bond correlation (HMBC) spectrum (Table 1) . Moreover, long-range correlations were found among H-20/C-2, C-3, and C-4. Additional HMBC data such as H-3/C-1, C-2, C-4, C-8, and C-19 and Me-18/C-11, C-12, Me-19/C-7, C-8, and C-9 and H-10/C-8, C-11 and C-12 fully supported the structure of 1 and had a rearranged 5/7/6-membered ring with a tetrahydrofuran ring. Four acetoxyl groups were arranged at C-7, C-9, C-10, and C-13 due to HMBC correlations of their methine protons with the corresponding carbonyl signals. The remaining groups, including an acetyl, a hydroxyl, and a benzoyl moiety were placed tentatively at C-4, C-5, and C-15. A literature survey indicated that taxuspine K, isolated from Taxus cuspidata, and taxuyunnanine E, isolated from Taxus yunnanensis, are two analogues of 1. 3, [14] [15] [16] Detailed comparison of the proton and carbon resonances of H-5, C-5 (d 71.6), and C-4 (d 94.3) of 1 with those of taxuspine K and taxuyunnanine E revealed that the remaining acetyl and hydroxyl groups should be located at C-4 and C-5, respectively. Although these compounds had similar were markedly different from those of taxuyunnanine E. This led to the conclusion that the benzoyl moiety might be attached at C-15. Upon acetylation, taxumairol G (1) yielded compound 6, which showed an additional acetyl singlet at d 1.99. The H-5 signal was also shifted downfield from 4.34 ppm in 1 to d 5.86 ppm in 6. The assignments of proton and carbon chemical shifts of 6 were completed by extensive two-dimensional (2D)-NMR analysis (COSY, HSQC, and HMBC). The relative stereochemistry of 1 was determined from coupling constants and nuclear Overhauser effect spectroscopy (NOESY) data. The NOESY correlations of H-2/H-9, Me-16, Me-17, and H-9/Me-19 in 1 suggested that H-2, H-9, Me-19, and the dimethyl carbinol group were in b-orientation. Correlations between H-3/H-7 and H-10/Me-18 agreed with the a-configuration of H-3, H-7, and H-10. Correlations between the ortho protons of the benzoyl group and H-2 and Me-19 not only assigned the benzoyl to C-15 but also confirmed that the C-1 benzoyl dimethyl carbinol moiety is in the b-orientation. The small coupling constant between H-9 and H-10 (Jϭ3.8 Hz), results from the anti-orientation of two acetoxyls at C-9 and at C-10 and the gauche-relationship of H-9 and H-10, which leads to a dihedral angle of 45°between H-9 and H-10. 17) Intense cross-peaks between H-9 and H-10 in the NOESY spectrum of 1 were also observed. A chair-like conformation of ring B and ring C consistent with the results from NOESY experiments is given in 782 Vol. 50, No. 6 Fig. 1 . The large coupling constants of H-5 (Jϭ8, 11 Hz) suggested that the C-5 hydroxyl group should be in the aorientation. This might be explained by calculation of the dihedral angles of H-5/C-5/C-6/H-6B (30°) and H-5/C-5/C-6/H-6A (165° 6 Hz, H-10, H-9) indicated that compound 2 was a close analogue of 1 ( Table 2) . Detailed comparison of the 1 H-and 13 C-NMR spectra of 2 with those of taxumairol G (1) revealed that the two compounds differ at C-4 and C-13. The proton signal of H-13 was observed at d 4.69, suggesting that the acetyl group of C-13 in 1 was replaced by a hydroxyl in 2. The additional hydroxyl group should be at C-4 because the chemical shifts of C-4, C-20, and C-5 in 2 appeared at d 83.0, 76.3, and 74.1 relative to d 94.3, 72.8, and 71.6 in 1. This structural elucidation was in agreement with the results of COSY, HSQC, and HMBC experiments. The HMBC spectrum of 2 showed very similar correlations to those of 1, confirming the location of the acetoxyl groups at C-7, C-9, and C-10, and the benzoyl dimethyl carbinol group at C-1 ( Table 2 ). The stereochemistry of 2 was assigned by comparison of the chemical shifts and coupling constants with those of compound 1, while a NOESY experiment confirmed the assignment. The coupling constant between H-2 and H-3 agreed with the a-configurations of both the C-2 oxygen and of H-3. The coupling patterns of H-7 and H-5 and of H-9 and H-10 (Jϭ3.6 Hz) are similar to those of compound 1. Acetylation of compound 2 yielded a diacetylated compound (7), in which the signals of H-13 and H-5 were shifted downfield to (Table 5) , such as signals for four methyl and six acetyl groups, as well as for an oxymethylene moiety (d 66.5) indicated that 5 is a 6/8/6 taxane with an opened oxetane ring skeleton. 18) This was corroborated by detailed analysis of the 1 H-1 H COSY and HMBC spectra of 5 (Table 5) (9) 4) suggested that the hydroxyl groups at C-2 and C-20 in 9 were replaced by acetoxyl groups in 5. Further evidence was provided by analysis of the HMBC data (Table 5) 3) revealed that 5 has an opened oxetane ring with C-4 being hydroxylated. The presence of an eight-membered ring (ring B) and a cyclohexane ring (ring C) was also established from HMBC correlations (H-2/H-3/H-7/H-9/C-8; H-10/Me-19/C-9; H-10/C-9/C-11; H-3/C-2). The configurations of substituents at C-2, C-5, C-7, C-9, C-10, and C-13 were determined to be a, a, b, a, b, and a, respectively, by comparison of the observed coupling constants and carbon shift data with those of taxumairol N (9). The broad singlet of H-5 agrees with an aconfiguration of the hydroxyl group at C-5 in the 1 H-NMR spectrum of 5. The coupling constant between H-9 and H-10 (Jϭ10.9 Hz) in 5 is similar to that of taxumairol N (9), indicating that both compounds have the same stereogenic centers.
Compounds 1-4 are novel abeo-taxane diterpenoids with a 2,20-tetrahydrofuran ring system. The occurrence of compounds 1-5 in Taiwanese T. mairei may be of chemotaxonomic significance. Thus taxumairol L was concluded to be diacetyl taxumairol N.
Experimental
Optical rotations were measured with a JASCO DIP-1000 polarimeter. IR and UV spectra were recorded with a HORIBA FT-720 and a HITACHI U-3210 spectrophotometer, respectively. EI-MS, FAB-MS and HR-FAB-MS were measured with VG Quettro 5022 and JEOL JMS-SX 102 mass spectrometers. kept in the Institute of Marine Resources, National Sun Yat-sen University.
Extraction and Isolation Dried roots (90 kg) were ground and repeatedly extracted with EtOH (300 l) at room temperature. The combined extracts were concentrated to a brown tar (9.5 kg), which was extracted with a solvent mixture of n-hexane/EtOAc in the following ratios and volumes 2 : 1, 45 l; 1 : 1, 48 l; 1 : 2, 45 l; EtOAc, 12 l, to give four portions A (900 g), B (1080 g), C (1500 g), and D (2500 g). Part of portion A (500 g) was applied on a Si gel column (5 kg) and eluted with a solvent mixture of CH 2 Cl 2 -Me 2 CO of increasing polarity to provide a fraction (150 g). Rechromatography of this residue on a Si gel column (1.6 kg) and elution with nhexane-EtOAC in the following ratios and volumes 5 : 1, 4 l; 10 : 3, 5 : 2, 2 : 1 and 1 : 1, each 10 l, yielded a residue (97 g), which was crystallized to afford 1b-dehydroxybaccatin VI (47 g). The mother liquid (50 g) was further chromatographed on a Si gel column (600 g) and eluted with nhexane-CH 2 Cl 2 -MeOH (70 : 70 : 1, 60 : 60 : 1, 50 : 50 : 1, 40 : 40 : 1, 4 l each) to afford six fractions A (30 g), B (8 g), C (5.6 g), D (2 g), E (1 g), and F (1.2 g). Part of fraction A (1.3 g) was separated by HPLC (RP-C18) using MeOH/H 2 O/CH 3 CN (6 : 1 : 3; 75 : 10 : 15) to afford taxumairols G (1, 20 mg), I (3, 2 mg), J (4, 2 mg), and a residue (132 mg). This residue was applied to preparative TLC plates, and development with n-hexane-CH 2 Cl 2 -MeOH (7 : 7 : 1) gave taxumairol H (2, 34 mg). Fraction D (2 g) was applied on a Sephadex LH-20 column and eluted with CH 2 Cl 2 -MeOH (1 : 1) to give a residue (1.2 g). Part of the residue (50 mg) was purified by HPLC (RP-C18) using MeOH/H 2 O/CH 3 CN (6 : 3 : 1) to afford taxumairol L (5, 5 mg 
